Skin colour measurement and analysis was performed for Iraqi Kurdish population in sulaimani city. The purpose of this study was to produce a dedicated skin shade guide for precise colour reproduction and colour matching of maxillofacial prostheses with the patient's original skin colour.
Introduction
Colour matching and colour differences between the maxillofacial prostheses and the surrounding skin is a prime concern of the maxillofacial prosthodontist and the patient. Failure of achieving the patient's exact skin colour lead to aesthetic failure (Lontz, 1990) . Colour discrepancy is extremely evident in the maxillofacial region especially when the colour of the prosthesis is not accurately blended into the patient's skin colour. Thus, a properly fitted prosthesis and anatomically accurate prosthesis will be refused by the patient if its colour is not appropriately matching the adjoining tissues (Guttal et al., 2008). Skin colour varies according to various locations in the body, these differences may create aesthetic problems for the patient after micro-vascular surgery (Shaw and Ahn, 1992, Feldman, 1990 ). The desired results may not be achieved as a result of site differences of the transplanted tissue. Several factors affect the human skin colour, include, the thickness of epidermis layer and the amount of blood supply. Variation in natural skin color is mainly due to genetic factors (Walters and Roberts, 2008). However, the greatest source of colour in human skin is the types and amount of melanin pigments, which is responsible for colour variation among different ethnic groups (Thong et al.,
2003, Ito and Wakamatsu, 2003).
Human skin colour also influenced by exposure to sunlight that cause tanning of skin. The exposed parts of the skin exhibit darker colour than nonexposed skin. Today, maxillofacial technicians depend on visual assessment which is based on visual acuity for reproducing the patient's colour (Polyzois, 1999, Seelaus R and RJ, 2000). Digital colour capturing devices (Camera, spectrophotometer, and colorimeter) identify and present colour in 3 dimensions by using 3D colour models (Coward et al., 2008a , Hunter, 1987 . Today, RGB colour model and CIE LAB are the most widely used colour models. Colorimeter and spectrophotometer are used to improve the accuracy of colour matching by measuring the skin colour numerically in three dimensions (Koran et al., 1981) . In order to measure objectively the skin colour appearance and evaluate skin colour differences, CIE Colorimetry has been widely used for specifying skin colours into CIELAB uniform colour space. Human skin tone is confined to a limited zone within the whole colour space, which is referred to as skin colour gamut (Stone et al., 1988) . Recognition of colour gamut of human skin provides clear information about the distribution/location of the colour value among the whole colour space. Knowing the colour gamut of a population makes developing a shade guide for that population. To date, no comprehensive global database for skin colour among the main ethnic groups is available. Generation of a global skin shade guide requires conducting a comprehensive measurement of skin colour among groups of people from different ethnic backgrounds and different geographic locations around the world. On searching databases, no published articles were found providing colour information for the Kurdish population in the Kurdistan region. Therefore, the purpose of the present study was to conduct colour measurement procedure and to assemble colour information from a group of Kurdish population from Sulaimani city -Iraq. Moreover, the current study was conducted to determine the skin colour range of Kurdish population and to suggest data for developing a dedicated shade guide for their skin colour.
Methodology

1-Ethical approval has been obtained from the University Research
Ethics Committee (School of Dentistry -University of Sulaimani) for measuring skin colours for a group of volunteers included students and the school employees. An information sheet, including all information and details about the colour measurement procedure has been produced for the volunteers. A consent form to be read and signed by the volunteer was also produced. 2-140 Volunteers from the School of Clinical Dentistry -University of Sulaimani, 73 female and 67 male were participated in this study. The participants included staff and students of the dental school within an age group 18-50 years. A total of 1260 (140 x 9) skin colour data was collected. For each subject, skin colour of a total of nine body parts obtained, forehead, tip of nose, cheek, ear lobe, chin, back of hand, palm, forearm outer and forearm inter (Figure 1) . Moreover, each subject also provided his basic information including age and gender. 3-A Konica Minolta CM-2600d spectrophotometer using SpectraMagic NX Colour Data Software was employed to measure the skin colour in CIELAB tristimulus values with a 2 degree standard observer. Colour instruments (colormetry) generate tristimulus values in an X, Y and Z coordinate system. Depending on the specific instrument, these tristimulus values are converted to Hunter L, a, b or CIELAB L*, a* and b* units. The difference between the two systems is the mathematical manipulation of the basic tristimulus values (PolyOne, 2005)The illuminate was set to the CIE standard D65 to simulate skin colour in daylight conditions. During the measurement, a viewing geometry of d/8 (diffuse illumination, 8-degree viewing), was used by the specular component included and the aperture size was set to 3mm. 4-Independent-samples T-Test was conducted to present the results and to analyse the differences of the three colour attributes (L*, a* and b*). The L*a*b* is described as the vertical (L*) axis which represent lightness, ranging from 0-100 and two other horizontal axis values (a*) and (b*). Each has an "axis" that can range from (-a) to (+a) and (-b) to (+b). More specifically, (-a) represents green and (+a) represents red, whilst (b+) is represented by yellow and (b-) is represented by blue, as is shown in Figure 2 (Hunter, 1948 , Honiball, 2010 . 5-Based on colour data obtained in this study a suggestion was made for developing a skin shade guide for the study population as follow: Ten selected shades were used to develop a dedicated shade guide based on the higher and lower measurements detected for each of the three colour attributes (L*, a* and b*) among 1260 measurements -the total (L*a*b*) measurements. The process of selection carried out by taking one measurement below the lower margin, and then graduating to a higher level for each shade, the graduation continued up to shade number 10, this was one measurement above the higher margin of the total records for each colour attribute.
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Results: Table 1 presents the average and standard deviation of (L*, a* and b*) values of skin tone and the higher and the lower skin tone range for each colour attribute of the total sample. An average (L*, a* and b*) values reported (56.4, 10.2 and 15.8) respectively. Table 1 also details the (L*a*b*) colour distribution according to gender and body parts. It can be seen that females have significantly (p<0.05) lighter skin shades as 2 tailed independent samples t-test showed. A great variation in (L*) values (lightness) between male and female, statistically a significant difference (p<0.05) of (L*) Value were recorded between male and female (59 against 54.3) respectively. A significant difference (p<0.05) of (a*) Value was also recorded between male and female (9.9 against 10.5) respectively, whereas, no significant differences (p>0.05) was reported among the sample of (b*) values between male and female (15.6 to 15.9) respectively. However, males showed slightly more colorful skin than female and this is represented by higher (a*) values for males against female. Differences in the lightness, (L*) values were the greatest between female and male's chins, (59) against (49.2) respectively. Figure 3 presents the average and standard error for (L*, a* and b*) values differences between face and arm among the total sample. In general, the results demonstrate a clear trend that face is significantly (p<0.05) darker and reddish than arm. This is presented with a significantly lower (L*) and a higher (a*) values (55.2, 11.9) of the face against the arm (58.4, 8.1) respectively. However, there were no significant differences (p>0.05) in the (b*) values between face and arm shades (15.9 against 15.7) respectively. Variations of (L*a*b*) colour attributes in the 'colour gamut' among the sample is presented in Table 1 and Figure 4 . The average value for each attribute (L*), (a*) and (b*) and the highest and lowest values for these components were marked in order to determine the range of colour distribution for the sample. There was a great variation in (L*) value, which ranged from (32) to (70.7) with a mean value of (56.4). This indicates that the skin of the Kurdish population is a combination of light and dark skin tones. Figure 5 presents the suggested (L*a*b*) values for a skin shade guide for Kurdish population which was developed according to the protocol mention in the previous section. Colour attributes of these 10 shades (L*, a* and b*) followed a linear distribution on a plotted histogram. This collection can be suggested as a dedicated skin shade guide for the study sample. , 1981) . This study result agree with a previous study performed to collect Skin colour data onto the population of Nowshahr City, northern Iran, which revealed significant differences between the males and females on the upper inner arm and the forehead, and within each sex between the sites (Mehrai and Sunderland, 1990). However, the lightness is probably due to genetic factors, such as the male having more melanin in his skin or the fact that most outdoor labor is undertaken by males. Also, females are more likely to use makeup, which provides some protection from sunlight (Brown et al., 1962 , Frost, 2006 . The data also revealed that faces are of darker and more colorful shades than the arms. This is probably due to the fact that the face is an uncovered part of the body and exposed to more sunlight than the covered parts. The natural skin colour can darken as a result of tanning due to exposure to sunlight. Either the UV-radiation creates oxidative stress, which in turn oxidizes existing melanin and leads to rapid darkening of the melanin or there is an increase in production of melanin to provide protection to the skin (Agar and Young, 2005). Differences in the lightness, (L*) values were the greatest between female and male's chins (59 against 49.2) respectively, this is probably because of thick subcutaneous hair follicles on some male's chin as the table shows. It is very important to consider these facts when applying data acquisition or manufacturing processes to skin colour reproduction. Human skin shades can be digitally represented using cameras (2D or 3D) and then physically reproduced using manual -handmade or digital -additive manufacturing techniques. Layered fabrication techniques such as 3D colour printing is recently adopted for fabrica- 
Aim
The aim of the study is to identify factors influencing the appropriateness of diagnostic procedure by students performing dental extraction. If the student did not write the result of the examination, the score was also scored 0. Each case sheet was reviewed and diagnosis was assessed before starting the extraction procedure. After completion of surgical procedure (dental extraction), each student was asked about the reason behind the diagnosis. Certain cases the students had already made a diagnosis in their mind, in retained roots cases in particular. Hence they skipped the required steps to reach the diagnosis, these cases were given a score 1 for diagnosis by guess. Seventy eight dental students were included in the study. The sample size was determined by the number students in the 5th class. Statistical analyses were performed by SPSS version 20. As study variables are nominal variables Chi square test was performed to determine the statistical relationship.
Materials and methods:
Results
Seventy eight dental students from the fifth year participated in this study. Twenty six (33.3%) of participating students were males and 52 (66.7%) were females. Chi-square test showed no significant relationship between accuracy of diagnosis and the sex of student (p>0.05, df=2). Figure 3 that male students involved in clinical examination more than female students, apart from the examination of tooth supporting structure. The most obvious difference is noticed in tooth probing which was only performed by 25% of female students compared to about 77% of male students who performed the test. There was a significant relationship (P<0.01, df=6) between the sex of the student and the clinical examination (intra and extraoral items) Figure 4 reveals the level of accuracy in diagnosis for the collected sample. The majority of the students (71.8%) reached the diagnosis by guess. 14 students (17.9%) made the wrong diagnosis. Only 8 (10.3%) students reached the correct diagnosis through following the accurate clinical reasoning process.
Discussion
The instrument used to assess students' clinical skill is the patient case sheet. The reason for choosing Oral Surgery Case Sheet is that it represents the most comprehensive case sheet in the dental school. It has 56 items (questions) covering current and past dental history; both extra and intra oral examination, medical history, family history and habits. Reaching clinical diagnosis is a Despite the fact it has been stressed by the academic teaching staff that proper case sheet documentation is essential, it seems that students try to save time by neglecting proper registration of information. Saving this time, as students explain to the researchers, helps to increase the number of dental extraction to achieve the requirement for the final exam entry. The second reason for this negligence could be that students are more concerned about the technical aspects of dental extraction procedure rather than reporting the history and clinical findings, even when these students are in the 5th year and they should have gained some confidence from the dental extraction procedures they performed during the 4th year. . Improper case sheet filling seems to represent a trend in students' behaviour. It does not, necessarily, mean that students do not ask, but it might reflect students' unwillingness to fill out every field in the case sheet paper. The main shortcoming of this study is the number of male students, which was the total number of male students in 5th year. This may affect the power of statistical analyses. It however, reflects the tendency toward feminisation of dentistry in general (Silva et al., 2010), as the number of female students always dominates male number in Iraqi dental schools. The findings of this study raise an important question about students' attitude about patient's case sheet and its role in establishing proper diagnosis. This will be addressed with a qualitative study. It is hoped that this study will provide the teaching staff with possible tactics to improve diagnostic process performed by dental students.
Conclusion
There is an obvious lack of documentation in both history taking and clinical examination. This might negatively influences proper diagnostic procedure. Accordingly, prophylactic extraction has been recommended (AAOMS, 2011; McArdle and Renton, 2005) . However, the decision to extract asymptomatic impacted mandibular third molars as a preventive measure continue to be a debatable issue (Allen et al., 2009; Boughner, 2013; Fuster Torres et al., 2008; Mettes et al., 2012; Pitekova and Satko, 2009 ). Distal caries of mandibular second molar is a frequently noted complication of impacted mandibular third molar tooth. It has been found to be associated almost exclusively with impacted third molar teeth (Oderinu et al., 2012) . The incidence of distal caries has been reported up to 42% (Allen et al., 2009; Ozec et al., 2009) . The level of involvement of second molar in distal caries has been found to be influenced by the depth of impacted third molar and the occlusal angulation between the impacted tooth and the occlusal surface of the second molar (Ahmed et al., 2011; Hupp, 2008) . In spite of the significance of mandibular third molar position on the incidence of distal caries and its possible influence on prophylactic extraction decision, there is shortage of related data regarding Iraqi population.
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Aim
To determine the influence of impacted mandibular third molar, as identified by panoramic radiograph, on distal caries incidence in second molar in Iraqi population.
Materials and Methods
This study has been approved by the Scientific Committee of College of Dentistry, Al-Mustansiria University. Panoramic radiographs of cases with impacted mandibular third molars were retrieved from the database of Al-Karamah Dental Centre for secondary care. These radiographs were taken using Planmeca machine (PM 2002 CC Proline Pan/Ceph) in the period between 2004 and 2013. The panoramic radiographs were reviewed to determine their eligibility for the study. Inclusion criteria were panoramic radiographs where both mandibular second and third molars are present. Exclusion criteria were panoramic radiographs with missed and/or filled mandibular second molars. Demographic data in addition to reasons for extraction were recorded.
Each panoramic radiograph was examined for the presence of radiolucency in the distal surface of mandibular second molar on the digital screen and for the determination of both: the angulation of impacted mandibular third molar according to Winter's classification (Winter, 1926) and the depth of impaction according to Pell and Gregory's classification (Pell and Gregory, 1993) .
The printed copy of the radiograph was used to measure the angle between mandibular occlusal plane and occlusal surface of the mandibular third molar using a tracing paper. The angles between the two tracing lines were categorized into four types of impaction as follows: <0° for distoangular impaction, 0-30° for vertical impaction, 31-60° for mesio-angular impaction, and 61-90° for horizontal These measurements were performed using a half circle protractor marked in degrees (180°). The depth of impaction was classified into three levels: A, B and C. In level "A" the occlusal plane of the impacted tooth is within the same level as the adjacent tooth while in level "B" the occlusal plane of the impacted tooth is between the occlusal plane and the cervical line of the adjacent tooth and in level "C" the occlusal plane of the impacted tooth is apical to the cervical line of the adjacent tooth (Figure 2 ). The studied predictors were: age groups (17-24, 25-32 and 32-54) , impaction angle between the occlusal plane and occlusal surface of mandibular third molar, and impaction depth. Statistical analyses used were descriptive statistics and Chi-Square Test. The Chi-Square Test was used to determine correlation between each study variable and incidence of mandibular second molar distal caries. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 20. P value < 0.05 was considered in this study to detect statistically significant relation between study variables.
Results
Panoramic radiographs for 148 patients with 214 pre-surgically extracted impacted mandibular third molars were reviewed. Sixty-six patients had bilateral impactions. The reasons for surgical extraction of lower third molars were: pericornitis, periodontitis, mandibular second molar caries, orthodontic referral and for prophylactic reasons. Radiographic evidence of distal caries found in 40 cases (18.7%) whereas 174 cases (81.3%) were free from distal caries. Eighty-four of the cases were for males (56.8%) and 64 were for females (43.2%). Chi-Square Test showed no statistically significant relationship (p>0.05) between patients' gender and incidence of distal caries as appeared in the radiographs. Right sided impaction was found in 112 cases (52.3%) leaving 102 cases (47.7%) with left sided impaction. No statistical significant relationship (p>0.05) was found between the side of impaction and incidence of distal caries. The age range was 17-54 years (Mean= 24.5, SD= ±5.8). As shown in Table 1 , about two thirds of the study sample lies within the age range 17-24 years, whereas the age group above 32 years old represents the smallest number of included cases. The age groups 25-32 and above 32years showed the highest number of distal caries in both males and females with similar percentages. The statistical relationship between age group and distal caries incidence was highly significant (p<0.01, df=2). As demonstrated in Table 1 , apart from the distal angulation, the number of cases becomes less with the increase of impaction angulation. Vertical impactions were the highest incidence (33.2%) whilst the disto-angular impactions were the lowest incidence of impaction (8.9%). Level B impaction depth was recorded as the highest number of cases (49.1%), followed by level A (39.2%), then level C (11.8%). There was highly significant relationship between tooth angulation and its impaction depth (p<0.01, df=6) Most of the cases in each category were clear from distal caries in all study variables (58.5%-93%). The highest percentages of cases with distal caries, however, were found in association with both level A and horizontal impactions. Apart from the distal angulation, the percentage of mandibular second molar distal caries increases with the increase of occlusal angle of impaction. The incidence of caries was the highest in horizontal impaction (38.9%), followed by mesio-angular (17.1%), then vertical impaction (7%). Only two cases with disto-angular impaction were found associated with distal caries in mandibular second molar. This relationship between impaction angulation and distal caries incidence was statistically confirmed (P<0.001, df=2). Table 1 incidence of distal caries according to age groups, Winter's Classification and Pell and Gregory Classification.
The data in Table 1 show that the lesser the depth of mandibular third molar the more the incidence of distal caries. The statistical relationship between tooth occlusal level and distal caries incidence was statistically significant (p <0.01, df=2). Table 2 caries incidence in each impaction category (angulation and depth of impaction) Table 2 details the caries incidence in each impaction category according to Winter and Pell and Gregory's classifications. The lesser is the impaction depth in each angulation type, the more caries incidence is noticed. Caries incidence was mostly associated with level "A" horizontal (45.9%) and mesio-angular (40%) impactions. Disto-angular impaction showed the least incidence of distal caries.
Discussion
The focus of the current study is to determine the value of mandibular third molar position, as identified in panoramic radiograph, in distal caries incidence in mandibular second molar in the Iraqi population. This may inform the clinician's decision for prophylactic extraction of asymptomatic mandibular third molars. The ability to predict the incidence of impacted mandibular third molars complications has been the subject of continuous argument (Costa et al., 2013; RCS(Eng), 1997) . It has been suggested that the reason for such opinion conflict is related to the flaws in some of the published studies, such as inadequate sample size, insufficient monitoring time or methodological errors (Costa et al., 2013) . Despite the fact that over the last two decades there was no sufficient evidence to support either extraction or retention options for asymptomatic impacted mandibular third molar (Allen et al., 2009; NHS, 1998; Steed, 2014) , it is generally agreed that asymptomatic mandibular third molar with the potential risk for developing complications needs to be extracted. However, there is no consensus about what should be considered the high risk factors (McArdle and Renton, 2005; Network, 1999; NICE, 2000) . Surgical decision, as far as distal caries incidence concerned, is no exception (BDA, 2013). The incidence of mandibular second molar distal caries associated with adjacent impacted third molar was reported in the literature to range from 0.5% to 42.5% (Sandhu and Kaur, 2008; Sheikh et al., 2012) . Distal caries incidence in this study sample falls within this range and is comparable to what has been reported by Ozec et al. (2009) study (20%) . Patients' age, as this study suggests, has significant influence over mandibular second molar caries incidence. This is expected because increased patient's age can give more chance for bacteria to cause dental caries. Almendros-Marques et al. (2006) reported that younger age group (16-30 years) was associated generally with more mandibular third molar complications. The authors, however, found no statistically significant relationship between age and impaction complications, which disagree with the finding of the current study. This disagreement may be attributed to the wider age range for "young group" in AlmendrosMarques et al. study, which could influence statistical analysis Results
Patients' gender in this retrospective sample was found to have no influence on the incidence of distal caries. Similarly, Almendros-Marques et al. (2006) found that gender has no influence on mandibular third molar complications.
This study showed that the horizontal impaction was associated with the highest incidence of distal caries in comparison with the mesio-angular impaction which concurs with Falci et al. (2012b) . This study, also, showed that the greater the occlusal angle the higher the chance of distal caries incidence. This is probably due to more chance of food impaction (Ahmed et al., 2011; Motamedi and Kavandi, 2013) . However, the available evidence mandates especial consideration for mesio-angular rather than horizontal impaction (NICE, 2000) . Many studies found that mesioangular impaction was associated with the highest incidence of distal caries (Allen et al., 2009; Ozec et al., 2009; Sheikh et al., 2012 (BDA, 2013; Hupp, 2008) .
The highest incidence of distal caries was found in level "A" horizontal impaction followed by level "A" mesio-angular impaction. This concurs with the finding of Polat et al. (2008) study. Accordingly, it can be argued that level "A" horizontally impacted mandibular third molars require particular attention.
The number of cases with distal caries incidence in all study variables, however, was less than the cases without distal caries. This implies that tooth position alone might not be the only influential predictor for distal caries incidence. Other factors, such as individual susceptibility to caries and improper oral hygiene maintenance may play more important role (Falci et al., 2012b) .
Recently, numerous published studies from different parts of the world are involved in the debate around the issue of prophylactic extraction decision of asymptomatic impacted third molar (Allen et al., 2009; BDA, 2013; Costa et al., 2013; McArdle and Renton, 2005; Steed, 2014) . However, the predictive value of mandibular third molar position on distal caries incidence, in Iraqi population, did not get similar attention. As far as Iraqi studies are concerned, the only published Iraqi study on extraction of impacted mandibular third molar showed that prophylactic extraction is not uncommon practice (Al-Bahrani et al., 2012) .
Despite the fact that symptom free impacted mandibular third molar is not necessarily risk free, it should be remembered that the decision to remove an asymptomatic mandibular third molar for predictable complication is usually weighted against expected surgical difficulties, postoperative complications and surgery cost (Godfrey, 1999; Mettes et al., 2012; Steed, 2014) . Accordingly, prophylactic removal of impacted tooth is not a straightforward decision (AAOMS, 2011; Friedman, 2007) . It needs to be considered after thorough clinical and radiographic examination.
In addition, the decision should not ignore the patient's opinion when the tooth is asymptomatic. Mettes et al. (2012) on the basis of absence of strong evidence for prophylactic removal of symptom free impacted third molar, suggest that this decision is influenced by patients informed agreement in addition to surgeon's experience.
To the best of study authors' knowledge, this is the first study conducted in Iraq trying to determine, on the basis of radiography, the value of impacted third molar position using this number of cases. The study, however, had some limitations. First, the panoramic radiographs may not be the best investigative tool to detect proximal carious lesions (Kamburoglu et al., 2012) . This study limitation is understood within the context of retrospective studies in general. In retrospective studies the authors have no control over the data. Second, the radiographic assessment was performed by a singular examiner with possible related bias. Third, the sole reliance on radiographic findings alone may not provide a strong base for prophylactic extraction decision. Nevertheless, the impacted tooth position, as this study suggest, may have a role in developing distal caries of adjacent tooth and should be taken in consideration before making a decision to extract or retain an asymptomatic impacted tooth.
Conclusion
Horizontally impacted mandibular third molar close to the level of occlusion increases the chance of distal caries incidence in mandibular second molar. Close monitoring for such cases would be a suitable option. Further prospective studies should be conducted to evaluate the influence of other factors on distal caries incidence.
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Comparative Evaluation of Shear Bond Strength of FlowableIntroduction
Despite improvements to resin composite formulations over the years, polymerization shrinkage of the resin is still considered highly relevant to the failure of direct resin composite restoration (Goracci et al. 1995) . Therefore, pretreatment of the tooth surface is essential for establishing a strong bond between the resin and both the enamel and dentin (Swift et al. 1995) . Acid etching has been the standard approach for enamel pretreatment since the publication of Buonocore's report. Effective adhesion to enamel has been achieved with relative ease and has repeatedly proven to be a durable and reliable clinical procedure for routine applications in modern adhesive restorative dentistry (Buonocore 1955). A recent laser system which considered effective for the ablation of dental hard tissues is the Er,Cr:YSGG laser (waterlase YSGG;BIOLASE Technology), which emits light in the mid-infrared region at 2.78μm with the assistance of an air and water spray (Dela et al. 2004 ). The results of previous studies on the application of laser etching for increasing bond strengths of restorative materials have been controversial. Investigation of enamel surface roughness showed that laser irradiation yielded a comparable or smaller amount of surface roughness than acid etching (Hess 1990 , Arcoria et al. 1993 . With regard to bond strengths of restorative materials, some studies indicated that acid-etched teeth had significantly more bond strength than laserLaser_etch teeth (Ariyaratnam et al. 1997) , whereas other demonstrated that laser etching (Melendez et al. 1992 , Walsh et al. 1994 , Shahabi et al. 2014 ,Lorenzo et al. 2015 . These variations could be attributed to the different types of lasers or different irradiation parameters used because the laser-hard tissue interaction is dependent on wavelength and irradiation energy.
because the laser-hard tissue interaction is dependent on wavelength and irradiation energy. With the advancement in adhesive dentistry, various adhesive systems were introduced. Total etch adhesive system is one of the commonest adhesive systems used. It contains hydrophilic/hydrophobic primers with the ability to penetrate into the demineralized enamel and dentin created after phosphoric acid etching and smear layer removal. Further development led to what is called self-etch adhesive system to overcome drawback associated with total etch system due to collapse in collagen fibrils following dryness. This system supplied in either one or two step of application. Current two-step self-etching primers or single-step self-etching adhesives (all-in-one systems) produce simultaneous conditioning and priming effects on dental tissues (Loguercio et al. 2008 ). The hypothesis tested in this study is that there is no significant difference in shear bond strength between Er,Cr:YSGG lased and non-lased enamel, different adhesives when enamel is etched by Er,Cr:YSGG laser, and different adhesives in non-lased group.
Aim of the study
The aims of this study were to: (1) Evaluate shear bond strength (SBS) of flowable composite to non-lased and lased groups. (2) Compare the (SBS) of flowable composite between Total and Self-etch in non-lased and lased groups. (3) Evaluate the failure mode of experimental groups.
Material and Methods
Forty bovine incisors, frozen to maintain freshness and defrosted immediately before specimen preparation, were used. Roots were sectioned 2mm below the cemento-enamel junction and the teeth were embedded in acrylic resin (Ivoclarvivadent, Liechtenstein) with the labial surface of the crown exposed and parallel to the base of the resin mold. The labial surfaces of bovine incisors were polished with 320-600 grit size wet silicon carbide papers using a grinding/ polishing machine (Struers, Denmark). under a continuous stream of water to obtain flat enamel surface. The teeth were randomly divided into two groups (non-lased and lased) according to the surface treatment. For group (A) non-lased enamel and (B) lased enamel, flowable composite resin (DMG, Hamborg, Germany) used. Then for each group two types of adhesive system used (10 samples for each type): self-etch adhesive (Contax, DMG, Hamborg, Germany) and total etch adhesive (Teco, DMG, Hamborg, Germany). In all samples of non-lased and lased groups adhesive tape with a central hole of 4mm diameter was attached to the flattened enamel surface. For the lased groups the laser system used was Er,Cr:YSGG (Waterlaseiplus, BIOLASE Technology, USA) in department of oral surgery, Mosul university. The laser energy was delivered through fiber-optic system to a sapphire tip terminal (MZ6) with 600 μm in diameter. Samples were lased for 20 seconds in the non-contact mode perpendicular to the flat surface with a 1-mm fixed distance from the laser tip. A sweeping motion was used to achieve an even coverage of the tested surface by overlapping the laser impacts. The following parameters (2780 nm wavelength, a pulse duration 200 μs, a pulse repetition rate of 10 pulses per second (10 Hz), 2.5 W power, energy: 250 mJ, 60% air spray and 80% water spray) were used. After that the adhesive agents were applied to a standardized enamel bonding site for all samples followed by light curing unit (LEDition, Ivoclarvivadent; Austria) according to the manufacturer's instruction. After bonding, a translucent standardized plastic straw with an internal diameter of 4mm and height of 4mm was positioned exactly over the hole of the adhesive tape and fixed with a sticky wax. The straw was filled with resin composite (Table1) and light cured for 40 seconds.
Samples were stored in distilled water at 37ºC for 24 hours then subjected to a thermal cycling of 500 cycles between 5°C (±2°C) and 55°C (±2°C) using water baths with 30 seconds in each bath. After which, shear bond strength (SBS) test was carried out using a Universal Testing Machine (WP universal material tester, gunt-Hamburg, Germany) at a crosshead speed of 1.0 mm/min. The load was applied to the composite/ tooth surface interface. Maximum load to failure was recorded (digitally) in newton (N) for each sample and then shear bond strength was expressed in megapascals (MPa), in order to respect the unit commonly used in similar research, which is derived by dividing the load at failure (Newtons) by the bonded surface area (12.56 mm2) (Bahrami et al., 2011) . S=F/A Where: S= Shear bond strength (Mpa). F= load at failure (N) A= π r2 (12.56 mm2). π = 3.14 r= radius of bonding area (2mm) Following testing procedure, the mode of failures between composite and enamel surface were examined with optical microscope of the enamel surface at X40 magnification using a Stereomicroscope (Motic, Italy). The failure modes were classified as follow: Adhesive failure (enamel exposed); Cohesive failure (composite or adhesive observed on enamel); and Mixed failure (combination of adhesive and cohesive).
Statistical analysis:
1) Descriptive statistics include, mean, standard deviation, standard error, minimum value, maximum value. 2) One-way ANOVA test was used, followed by Duncan's Multiple Range test to find the difference in shear bond strength among different adhesive types for non lased and lased prepared group. 3) Student's t-test was used to test the difference in shear bond strength between non lased and lased prepared group for each individual adhesive type. 
Results
The results of SBS means and standard deviations in non-lased and lased groups are shown in (Table 2 ) and (figure 1). Student's t-test revealed that there was no significant difference between the non-lased and lased enamel groups (p= 0.311). There was no significant difference between self-etch (Contax) and total-etch (Teco) adhesives in non-lased enamel group (p= 0.132). There was no significant difference between self-etch and total-etch adhesives in lased enamel group (p= 0.106). Student's t-test showed no significant difference in self-etch adhesive between non-lased group and lased enamel group (p= 0.435) and no significant difference in total-etch adhesive between non-lased and lased enamel group (p=0. 459). One-way ANOVA and Duncan's Multiple Range test did not indicate any significant differences among the non-lased and lased enamel groups (F= 2.769, p= 0.056). Total etch (Teco) showed the highest bond strength in both non-lased and lased groups. Fracture mode: The analysis of bonding sites after shear strength tests revealed that, for non-lased fractured specimens, cohesive failure mode was predominantly observed followed by adhesive failure mode. The total-etch systems showed a limited number of in enamel (8%), which were not observed for the self-etch system. However, for lased fractured specimens, mostly mixed failures occurred. For the self-etching system, a significant number of cohesive failures in enamel was observed (28%).
Discussion
According to ISO 11405/TS bovine incisors can be used as a substitute for human enamel. Unlike bovine dentine, which is not recommended as a substitute for human dentine, (Retief et al. 1990 ) bovine enamel exhibits very similar bonding characteristics to human teeth (Oesterle 1998) and has often been used as a replacement (Chung et al. 2000 , Czochrowska 1999 ). Laser etching of enamel surfaces is popular because of the potential disadvantages of acid etching. Acid etching results in chemical changes that can modify calcium-tophosphorus ratio, reduces the carbonate-to-phosphate ratio, and leads to the formation of more stable and less acid-soluble compounds.As a result of this demineralization, enamel becomes more susceptible to caries attack (Sungurtekin , Oztas 2010 , Martínez-Insua et al. 2000 Recently, Er:YAG and Er; Cr:YSGG lasers were introduced in dentistry. For physical and medical reasons, they are used for the treatment of hard tissue. The advantage of an Erbium wave is that it is well-absorbed by water and dental hard tissue. These lasers can also be used for etching of enamel surfaces for the purpose of bonding the composite resin to enamel surface (Yazici AR et al. 2013 ). The structural changes of the enamel tissue as a result of laser treatment usingEr:YAG and Er,Cr:YSGGis ablation process without formation of the smear layer.This results in surface irregularities and enamel prisms exposure. These changes are thought to increase the bond strength of resin composites (Keller et al. 1993 ) but in fact, these morphological changes created by laser ablation do not have the same ideal pattern obtained by acid phosphoric application. Therefore; this heterogeneous structure in lased enamel affects the bond strength of resin composite (Christensen et al. 1996) . Parhami et al.(2014) reported that Er:YAG laser treatment reduced shear bond strength of flowable resin composite to enamel compared to the ones treated by conventional technique using a bur previous to acid etching. The parameter used in this study was 2.5W output power with water according to the manufacturer of Er,Cr:YSGG lasers that recommended 2.25 to 2.5 W for laser etching but other studies used 2 to 3 W referring from their results of a pilot study to obtain the proper effects (Galışkanydın et al. 2010) . A plethora of flowable composite products are commercially available as bonding agents because of these favorable properties: non-stickiness and injectability (Elaut et al. 2002) . There are some studies evaluating the shear bond strength of resin composites to lased dentin, (Visuri et al. 1996 , Armengol et al. 1999 ) but there are not enough studies about the shear bond strength of flowable composite to lased enamel. Therefore this study was aimed to evaluate and compare the shear bond strength of flowable composite to enamel etched with Er,Cr:YSGG laser. Pretreatment with 37% phosphoric acid increases bond strength because thick outer enamel layer may prevent the permeation of self-etch primers and bonding agents, thus leaving some areas partially unetched. This then results in formation of shorter and poorly defined resin tags. Removing the outer enamel with phosphoric acid etching, longer resin tags are formed and thus bond strength is increased (Kanemuraet al.2009 , Scougall et al. 2009 ). On the other hand, self-etch primers and bonding agents have some advantages over the phosphoric acid etchant. Self-etch primers simplify the clinical handling of adhesive systems by combining the conditioning and priming agents into a single product (Bishara et al. 2004 ). Self-etch bonding agents prevent aggressive decalcification and bulk enamel loss which are characteristics of phosphoric acid etching (Arhun et al. 2006) . This means that they reduce the risk of enamel damage due to their reduced ability to sufficiently etch and penetrate the enamel surface (Eminkahyagil et al. 2005) . Most self-etch adhesives did not etch enamel as deeply as the phosphoric acid etchants did, but the shallow etching pattern compromised bonding to enamel (Kim et al. 2005 ).
It has been reported that the morphological changes of the intact and ground enamel surfaces after interaction of the selfetching adhesive depend on the pH classification of the self-etching adhesives (Chakmakchi. 2005) . Demineralization effects of self-etch primers and bonding agents are proportional to their acidity. The lower the pH, the higher the acidity, the deeper the etch; and the pH values of self-etch adhesive systems are higher than that of phosphoric acid etchant (Di Frances et al. 2007) . In this study, although there was no significant differences between Er,Cr:YSGG lased and non-lased enamel groups, the lower bond strength was achieved when enamel surface etched by Er,Cr:YSGG laser, and this finding presented in both types of adhesive systems that used ( Teco, two step total etch and contax, two step self etch adhesives). Therefore the null hypothesis is that there is no significant difference between lased and non-lased etched enamel was accepted. Several of the findings concerning the use of lasers for enamel etching are contradictory. Von Fraunhofer et al. (1993) and Usumez et al. (2003) have stated that laser irradiation is not capable of etching enamel. In contrast, Visuri et al. (1996) and Hossain et al., (2003) who reported that laser irradiation may be used to etch enamel. These contradictory findings are due to the different outputs and experimental designs of the studies. Our results disclosed that the irradiation of enamel surface with an Er,Cr;YSGG laser, prior to the application of selfetching and total-etch adhesive systems, adversely affected the interaction pattern of the adhesive systems with the lased enamel and yielded a decrease in bond strength. Similar results were reported in other studies. Martines-Insua et al. (2000) found weaker adhesion forces in an Er: YAG laser-etched enamel surface than an acid etched enamel surface. This was related to sub-surface cracks observed in SEM images. Dunn et al. (2005) reported a decrease in bond strength to Er: YAG laser irradiated dental hard tissue. Sungurtekin and Oztas (2010) noted that Er,Cr;YSGG laser etching did not eliminate the need for acid etching. Moreover, they found that when a Er,Cr:YSGG laser and acid etching were combined, Er,Cr:YSGG was as effective as the conventional acid etching technique. However, the laser irradiation of enamel surfaces produced surface fissures and a union or blending of a distinctive etch pattern normally seen in acidetched enamel. This blending effect likely prevented the penetration of resin into enamel, resulting in lower enamel bond strength values. Delme et al. (2006) who postulated that the acid-etching procedure is essential after laser ablation. Some researchers stated that laser applications give similar results to acid-etching techniques. Ozer et al. (2008) investigated the SBS of brackets that they applied on enamel prepared with 0.75 W Er, Cr: YSGG, 1.5 W Er, Cr: YSGG, 37% Orthophosphoric acid or self-etching primer. They found that the 0.75 W laser-applied group was significantly less in regard to SBS than all other groups, although there was no statistically significant difference among the other groups. Lee et al. (2007) etched enamel surfaces with acid, a laser, and acid and a laser together and investigated the SBS of the orthodontic brackets. They did not find statistically significant differences in the laser-and acid-etched surfaces. Further, they reported that the application of both could enhance the bond strength. However, acid etching after laser irritation is not able to eliminate the laser-modified layer completely. In the present study, Total-etch adhesive produced bond strength higher than self-etch adhesive in non-lased enamel and lased enamel groups. The results of present study showed that acid etching pretreatment alone is more effective than Er,Cr;YSGG laser etching followed by acid etching. This is in agreement with Ceballos et al (2001) that proposed acid-etching alone yields shear bond strength values that are significantly higher than those achieved with laser ablation alone, or in combination with acid-etching. The self-etching primer adhesive system yielded the lowest bond strength in the Er,Cr;YSGG-lased group and confirmed the outcomes of previously reported studies (Eguro et al. 2002 , De Munck et al. 2002 . Contreas-Bulnes et al. (2013) found that Er, YAG laser irradiation could not de an option for enamel conditioning. As regards the types of failure observed in the fractured specimens, an adhesive-failure mode was predominantly observed in the non-lased specimens. These findings indicate that failure after testing mostly occurred at the interface between the adhesive system and enamel surface. The total-etch systems showed a limited number of cohesive failures in enamel (8%), which were not observed for the self-etch system. In contrast, in the laser-irradiated specimens, there was an alteration in the fracture pattern, with a greater number of mixed failures and a significant increase in the number of cohesive failures in enamel. For the self-etching system, a significant number of cohesive failures in enamel was observed (28%).
Conclusion
Within the limitations of this laboratory study, the following conclusions were drawn: 1. No significant differences were noted between non-lased and Er,Cr:YSGG lased enamel for each adhesive tested. 2. Er,Cr:YSGG laser pretreatment followed by acid etching or self-etch adhesives did not enhance the adhesion of composite resin to enamel surface compared with acid etching.
Introduction
Dentistry has a new weapon in the fight against tooth decay. This "lightsaber" of dentistry is the Erbium laser. The dental laser is the latest in modern innovations for the 21st Century. The Erbium laser has proven to be safe and effective for the removal of tooth decay and cavity preparation, in addition to many soft tissue and hard tissue surgical procedures. The FDA approved the Erbium laser for marketing in the United States as of 1997 (Nash 2002) . Er:YAG lasers are solid-state lasers whose erbium-doped yttrium aluminium garnet (Er:Y3Al5O12) is the lasing medium. Er:YAG lasers classically emit light with a wavelength of 2940 nm, which is infrared. If compared with Nd:YAG or Er:Glass, Er:YAG laser is intensely absorbed by water which is considered to limit its use in surgical procedures or any other applications where water is present. Er:YAG lasers have been used for laser resurfacing, which includes treating acne scarring, deep rhytides, and melasma. In addition to water, Er:YAG laser energy is also absorbed by hydroxyapatite, which makes it a very good laser for cutting bone as well as tissue. Many studies have described the use of Er:YAG in different oral and maxillofacial surgical procedures (Bornstein 2004 , Stubinger et al. 2008 , Schwarz et al. 2007 . Er:YAG laser was applied in the treatment of different oral conditions. Pyogenic granuloma is one of the laser treated conditions. It is a common tumour-like growth of the oral cavity which is unrelated to infection and represents an exuberant tissue response to local irritation or trauma. Clinically, it is a smooth or lobulated mass that is usually pedunculated and some lesions are sessile. The surface is characteristically ulcerated and ranges from pink to red to purple depending on the age of the lesion (Epivatianos et al. 2005 , Bhaskar & Jacoway 1966 . Er:YAG was also applied in implant exposure (Matsuyama et al. 2003 , Kreisler et al. 2002 and various frenectomy Key words: Er:YAG, laser therapy, oral and maxillofacial surgery , Kavo laser machine, dental.
Materials and Methods
Forty-five subjects from the Department of Maxillofacial Surgery at Alwasity Teaching Hospital were selected for this study. All the recruited subjects required laser therapy to address different oral conditions. The subjects were divided into six groups based on the clinical diagnosis (Table 1) .
Written consent forms were signed by the subjects prior to the laser treatment. The treatment was conducted by the same surgeon. The laser machine used in this study is (Seward et al. 1987) . Er:YAG laser is further useful in apicectomy procedures for performing an osteotomy and root resection (Gouw-Soares et al. 2001 ). An aphthous ulcer, also known as a canker sore, is a type of oral ulcer, which presents as a painful open sore inside the mouth or upper throat and is characterized by a break in the mucous membrane. Its cause is unknown, but it is not contagious. The condition is also known as aphthous stomatitis, and alternatively as Sutton's Disease, especially in the case of major, multiple, or recurring ulcers (Neville and Allen 2009) . The aim of the study is to evaluate the effect of Er:YAG laser in different surgical procedures. 
Results
After the selection and diagnosis of the cases by the maxillofacial surgeon, 45 cases were operated on by Er:YAG laser.
Depending on the diagnosis, we operated on the following cases with different management, as shown in Table1 . These cases were:
At the time of operation, we gave general anaesthesia for some patients, local anaesthesia for others, and the remaining patients were given topical anaesthesia. With regards to laser, we provided particular energy and frequency for each patient, as will be shown in the results section. (Fig. 1) The number of cases was 17, six of them were male while the females were eleven (Mean age = 42). The cases were operated on either with local anaesthetic infiltration or topical anaesthesia. There was no need for suturing.
1-Fibroepithelial polyps:
2-Implant exposure: (Fig. 2) The number of subjects was 6, four patients were males and two of them were females (Mean age = 31 years). 4 cases were operated on topical anaesthesia, while for the other two cases local anaesthetic infiltration were used. No sutures were performed.
A.Laser beam during gingival former procedure B.Fixtures exposure by Er:YAG laser for the same patient shown in Figure 2 .a 3-Frenectomy: (Fig. 3) The number of subjects was 16. This was divided into: -a-Labial fraenum b-Lingual fraenum (tongue tie). a-Labial fraenum: 4 subjects, one of them was female and the others were males (Mean age =10 years). b-Lingual fraenum(tongue tie): 12 subjects, eight patients were males while females were four (Mean age = 9 months). Either general anaesthesia or local anaesthetic infiltration was required in these cases. In most of the cases no sutures were performed.
A.Laser beam during operation of frenectomy B.Complete excision of high fraenum attachment by Er:YAG laser for the same subject shown in Figure 3 .a
4-Apicectomy
Only one male (thirty-two years old) was recruited. Local anaesthetic infiltration was used in this operation which ended with suturing of muco-periosteal flap.
5-Aphthousulcer
Two females were diagnosed with Aphthous ulceration (Mean age 17years). Subjects were treated with topical anaesthesia, there was no need for suturing in both cases.
6-Pyogenic granuloma: (Fig. 4) The number of cases was 3. Two patients were females and other was male (Mean age 35 years). The excisions were done under local anaesthesia and sutures were performed.
The results of our study confirmed that soft tissue surgery by Er: YAG laser had less oedema, post-operative bleeding and pain, good cutting and coagulation effects on soft tissues in comparison to the conventional surgical methods of treatment such as scalpel and electrocautery. The procedure was easily tolerated and postoperative pain was low or absent.
Regarding dental and bone surgery (group 4), Among all other lasers, Er: YAG laser can be used in almost all steps of peri apical surgery: incision for flap, bone removal, removal of granulation tissues, apex resection and retrograde cavity because of its efficacy in soft tissue, bone and dental tissues removal. Er: YAG lasers are appropriate for the treatment of hard tissues without inducing discomfort, vibration or noise. Furthermore, risk of surgical field contamination and damage to the surrounding tissues is decreased when compared to the surgical drilling technique.
As result of that we ended with rapid uncomplicated healing processes in the majority of cases when compared to conventional surgical methods.
A.Pyogenic granuloma in the lower anterior edentulous ridge B.Healing after 8 days from the complete excision for the same lesion shown in Figure   4 .a by Er:YAG laser
Discussion
The therapeutic effect of Er:YAG laser is based on the photothermal interaction, where the biological effect of K.E.Y laser is not only thermal, but also mechanical and best described as a thermo-mechanical effect (Niernz 1996) . The absorption spectrum of water shows that the wavelength of the K.E.Y laser of 2940 nm coincides with maximum absorption in water (Catone and JR 1997) . During the surgical operations of all the cases considered in this study, no significant bleeding was noticed and that is because the K.E.Y laser seals the small blood vessels (Strauss 2000) . For example, when we excised polyps, we found no bleeding at all because the clotting due to the laser application acts as a seal on the excised tissue, and for that reason no suture was performed. With regards to pain, the laser lessens the pain threshold to an extent because the laser seals the nerve endings (Mancuso 1991) . In some cases, for example polyps, implant exposure, aphthous ulcer and pyogenic granuloma, we did not use local anaesthetic infiltration in this research work, but if we did not apply the laser in these cases we had to inject local anaesthesia. This is one of the advantages of laser compared with the scalpel and by this we protect the patient from the side effects of local anaesthesia (Keon 1992) . We agreed with some authors who suggested that mild oedema was seen in the first few days after laser application before gradual shrinkage in this oedema and swelling (Rechmann et al. 1998) . The oedema-reducing effects of the lowpower laser results from increased micro vascularization (Rozenbom & Fiszerman 1995 , Rozenbom 1995 , accelerated lymphatic flow (Pontinen & Airaksinen 1989 , Pontinen 1998 , and enhanced tissue oxygen uptake. The number of nail bed and mesenteric capillaries increases after laser stimulation. Laser irradiation enhances blood flow to oedematous, ischemic or hypoxic tissues in general. The most marked increase in capillary density laser irradiation occurs at the dermal-epidermal junctions.
Conclusion
The conclusion drown form this study is; the Er:YAG laser is a good tool to use in oral surgery because of its advantages during operations and post-operatively. With laser surgery, treatment times and post-operative healing periods are much shorter. Using Er:YAG lasers in soft-tissue surgery means that sutures are rarely needed, and with the laser's simultaneous disinfection effects, healing is faster with fewer post-operative complications.
Introduction
It is assumed that the enddontically treated teeth are weaker and more prone to fracture because of desiccation or premature loss of moisture supplied by a vital pulp, complicated by substantial loss of coronal tooth structure. Therefore, endodontically treated teeth often require build up with varying post-core foundation materials (Adanir et al, 2008 , Vidhya etal, 2009 , Bijelic et al, 2011 . The fracture strength of the root-post-core assembly is very important to sustain the mechanical stability of the restoration and, therefore, high fracture strength is crucial for clinical success (Özcan and Valandr, 2009 ). The fiber reinforced composite (FRC) posts have been introduced because of the high root fracture risk with prefabricated metal posts (Garoushi et al, 2009 ). The use of such materials offer a number of advantages, including biocompatibility, esthetic properties, dentin-like rigidity, resistance to corrosion and fatigue, mechanical properties that closely match those of tooth and option of easy removal of post from the root canal. Among of these posts, glass fiber post is consider the most important one since their ability to chemical adhesion with bonding cement and composite resin cores, this advantage provides more conservative post hole preparation (Bitter and Kielbassa, 2007 , Adanir et al, 2008 , Abo El-Ela et al, 2008 , Bijelic et al, 2011 . In addition they can be transmitted light to deeper part of the canal so they can improve degree of polymerization for the resin cements (Kim et al, 2010) . Fiber-Reinforced Composite can be used in root canal as prefabricated posts and individually formed post. The reinforcing effect of the fiber fillers is based not only on stress transfer from the polymer matrix to the fibers, but also on the behavior of individual fiber as stress breaker (Adanir et al, 2008 , Garoushi et al, 2009 , Makarewicz et al, 2013 )When posts are bonded well to root dentin, the post, cement and dentin form a monoblock. A similar situation can be created in the crown portion of the tooth if the core build-up is made of bonded resin composite. The components of such a monoblock behave as one unit under functional forces, with better distribution of stress and enhanced resistance to fracture (Abo El-Ela et al, 2008 , Makarewicz et al, 2013 . A novel glass fiber post (EverStick post, Stick Tech, Finland) was introduced. This post is made of flexible, resinimpregnated uncured glass fibers with an Interpenetrating Polymer Network (IPN). The post is supplied in a soft form and hardens upon polymerization with light (Abo El-Ela et al, 2008 , Vidhya et al, 2009 , Kim et al, 2010 .
Aim of the study
To evaluate and compare the fracture resistance of endodontically treated maxillary central incisors restored with prefabricated and adaptable glass fiber posts, and to determine the mode of failure.
Materials and Methods
The materials used in this study are listed in Table (1) . Table (1) Thirty extracted human permanent maxillary central incisor were collected from Department of surgery, College of Dentistry, Mosul University, Iraq, with straight, similar root lengths and round canals, using two projections (buccopalatal and mesio-distal) of dental radiograph taken by digital x-ray device (Digora® Optime Classic, Soredex, Sweden) and approximately with the same size (measured mesiodistally and faciolingually by means of a digital caliper) which were free of any caries, previous restorations, fractures and cracks were used. They were surveyed under a stereomicroscope (Motic, Taiwan) at magnification of X20. The teeth were examined radiographically to discard those with internal structural defect. All teeth scaled, polished, and stored in distilled water at 37˚C in an incubator until use. The anatomic crown of each tooth was cut horizontally to the long axis of the root 1 mm incisal to the cemento-enamel junction and at 15 mm from the root apex using diamond wheel saw (KG Sorensen SP, Brazil) under water coolant, then a size 10 K-file (Mani, Inc. Japan) was passed through each canal until being visible at the apical foremen and the working length was recorded as being 1 mm less than that length (14mm). All the canals were instrumented with ProTaper (NiTi) rotary instrument to size F3 (Endo-Mate DT, JAPAN). Sodium hypochlorite (2.5% NaOCl, 2 mL) was used for irrigation between each file size and as a final irrigation, then the canals were dried with ProTaper paper points, obturated using size F3 single cone gutta-percha and (AH plus) root canal sealer (Dentsply, Mailleferʼs). Excess gutta-percha then removed with a heated instrument and cold vertical compaction performed with endodontic plugger. The canal orifices, then sealed with glass-ionomer cement (Voco, Germany), and the roots were stored in distilled water in 100% humidity at 37˚C for 72 hours. After that, each root surface was thinly covered with a silicone impression material about 0.3mm thickness at 2mm apical to the cemento-enamel junction to simulate thickness of periodontal ligament. Each root was then fixed from the cervical surface with paste to the arm of an adjusted dental surveyor, to imbedded in polyvinyl tube with (10×20) mm dimensions which was filled with self cure acrylic resin (BMS dental, Italy), then the vertical arm of the surveyor was lowered until the root was flush with freshly acrylic resin to 2mm below the cementoenamel junction of the root and allowed to remain undistributed until chemical curing of the resin was completed. After that the roots were randomly divided into three groups. Group (A): control; 10 roots remained without post space preparation. Group (B): 10 roots prepared to receive prefabricated translucent fiber glass reinforced composite post (LuxaPost, 1.5mm size). Group (C): 10 roots prepared to receive EverStick fiber-reinforced composite post (EverStick Post, 1.5 mm size). Consistent post space would be prepared by removing 10 millimeters segment of gutta-percha from each root canal obturation using Peeso drills (Dentsply, Mailleferʼs) size 1-3 coupled with slow speed hand piece (W&H, Austria) leaving 4mm of gutta-percha, then the post spaces were prepared with Parapost drills (diameter 1.5 mm). A new drill was replaced after every 10 post preparation. Radiographs were taken to check the presence of any residual gutta-percha and sealer in the root canal walls along the prepared post space. Each post-space was irrigated with 5 mL of 17%EDTA for 15 Seconds following by 5 mL of distilled water, and then thoroughly dried with paper point. The soft unpolymerized EverStick sheet was cut to a premeasured length, inserted and shaped by condensing to the prepared post space (during this procedure the post must remained away from any light to prevent premature polymerization), then the shaped post was initially light polymerized inside the root canal for 20 Seconds. The shaped EverStick post then removed from the root canal and further light polymerized for 40 Seconds according to the manufacturer instruction. Post cementation with (PermaCem 2.0) self-adhesive resin cement was used. Apply the auto-mixed paste in to the root canal with the aid of root canal elongated tip. Insert the post (Luxa post and EverStick) immediately into the canal; remove excess cement within 30 Seconds of insertion. The post was maintained under finger pressure until initial hardening of the cement had occurred (about 7 min. according to the manufacturer instructions). Then the material can additionally be light cured for at least 40 Seconds from each side. The seating procedures were performed by a single clinician. All fiber posts were cut at a distance of 4mm from the coronal surface of the roots, seating of the post was verified radiographically. Core build-ups for all specimens were created incrementally from a light-polymerized hybrid resin composite (Tetric, Vivadent) using light curing unit (Astralis, Vivadent, Germany), which was applied for 40 Seconds per increment (Acid etching of post core with (37% phosphoric acid) for 15 Seconds, rinse with water spray for 20 Seconds, gently dry with air. Applied two coats of Excite bonding (Ivoclar, Vivadent), gently air dry, and light cured for 20 Seconds). The crowns of the teeth were restored to their original anatomic form with the composite material and were finished with rotary instrument. In order to minimize variations in specimens, transparent anterior crowns (No. 1.910, TOR VM Ltd, Russia) of an ideally contoured crown was used to aid crown fabrication. After that leaving the samples for further polymerization for half an hour, then they were stored in distilled water at room temperature for 72 hours. All specimens were thermocycled in water (1000x, 5°C ± 2°C/ 55°C ± 2°C, dwelling time of 15 Seconds). During the entire procedure, the teeth were maintained in a wet environment and then stored in water at room temperature for 24 hours before testing. A static load was applied to the restored teeth with the aid of computer controlled universal testing machine (TERCO, MT, Sweden) at a speed of 1.0 mm/min. The acrylic block containing the restored tooth was tightly fixed to the customized inclined metal base to provide a 45-degree angle between the palatal surface of the tooth and the loading tip (spherical head 2.0 mm) (Fig.1) . The loading in Newton (N) until fracture for each tooth has been occurred was registered and the failure mode for each specimen was categorized to 2 typical types of failures: favorable type above the CEJ which has easy possibility to repair (portion of the core fractured, or failure occurred at core-tooth interface) and unfavorable type below the CEJ (vertical root fracture) with difficult chance to repair (Garoushi et al, 2009 ). Data of the fracture-load values were statistically analyzed using One-way analysis of variance (ANOVA) followed by Duncan›s multiple rang test at a significance level of 0.001 to determine the differences between the groups.
Results
The results of the mean fracture resistance values (N) and standard deviations obtained for each group are shown in Table ( 2). Table ( 2)
In all the tested specimens, Group: C exhibited the maximum mean fracture resistance (1780.30±155.42) in Newton, followed by group: B which represented (1247.60±155.44) in Newton, while Group: A exhibited the least fracture resistance mean (602.90±132.56) in Newton .
Significant differences were detected among groups by one-way ANOVA at (p<0.001) as shown in Table ( 3).
Table (3)
Duncan›s multiple rang test Table ( 4) revealed that the teeth restored with (EverStick Post) had higher fracture strength than teeth restored with prefabricated LuxaPost fiber post.
Table (4)
Failure mode was summarized in Table (5) . Table ( 5) The mode of fracture was different among the study group. In group A, (80%) showed vertical root fracture. However, vertical root fractures were not observed in groups (C) which was shown about (60%) core fracture. While group (B) was shown 80% of favorable failure.
Discussion
It has been suggested that a post should have the same modulus of elasticity as root dentin to distribute applied forces evenly along the length of the post (Bijelic et al, 2011) , which is an important factor for fracture resistance of weakened roots (Kim et al, 2010) . Root fractures on root-filled abutment teeth are severe failures, often with fatal consequences for the involved tooth and prosthetic reconstruction (Özcan and Valandr, 2009, Bijelic et al, 2011,) . Lateral forces were applied to the incisal surface using a 45° angle between palatal surface of the tooth and the loading tip (Garoushi et al, 2009 , Kim et al, 2010 , Bijelic et al, 2011 . The teeth received EverStick® post was associated with the highest fracture resistance (1780.30±155.42) in Newton. This could be due to the multiphase polymer matrix of these types of posts consisting of both linear and cross-linked polymer phases (semi interpenetration polymer network, semi-IPN). The monomers of the adhesive resins and cements can diffuse into the linear polymer phase, swell it, and by polymerization, form interdiffusion bonding and a so-called secondary semi-IPN structure, this will reduced stress formation at post/dentin and post/cement interfaces (Le Bell et al, 2005 , Mannocci et al, 2005 , Abo El-Ela et al, 2008 , Vidhya et al, 2009 , , Makarewicz et al, 2013 . Teeth with prefabricated glass fiber composite Luxa post revealed (1247.60±155.44) mean in Newton fracture strength. Luxa posts were supplied in a hardened form (with pre-polymerized monomer). It exhibit a highly cross-linked polymer matrix between the fibers; the monomers of the applied adhesive systems cannot penetrate into a cross linked polymer matrix and no free radical polymerization can occur, which might have reduced their potential for bonding to the resin cement and thus might have allowed relatively lower fracture resistance (Mannocci et al, 2005 , Abo El-Ela et al, 2008 , Kim et al, 2010 . The majority of root canals have an irregular, ovoid shape in their coronal and middle third. When using prefabricated fiber posts the consequent lack of adaptation of the post to the root canal walls may result in the inability of the luting agent to fill the post-tooth interface completely (Terry 2003 , Bitter and Kielbassa, 2007 , Vidhya et al, 2009 , Makarewicz et al, 2013 . EverStick Posts have the ability to adapted easily to the shape of the root canals, thereby possibly reducing the number of voids and then the canal completely filled with post for this reason the adhesive surface and the strength in the most critical part of the tooth are maximized (Terry 2003 , Abo El-Ela et al, 2008 , Kim et al 2010 , Bijelic et al, 2011 .
The teeth with no post received represent the lowest mean of fracture resistance (602.90±132.56) in Newton . Guttapercha does not show increased resistance to internally generated stresses in root canal since it does not chemically bond to the dentin wall even with the use of resin-based sealers because the sealer does not bind to gutta-percha. Moreover, the sealer tends to pull away from it during setting (Teixeira et al, 2004) . Adanir et al, 2015 , compare the resistance to vertical root fracture of root filled teeth restored with different FRC, as in the present study. However, the mean failure loads was less than obtain in the present study. This difference can be related to use the dynamic loading while in our study we use thermocycled and aging for 24 hours before testing. The observation of failure mode can indicate how the system is working and point out the weakest link (Mannocci et al, 2008) . In terms of failure mode, The teeth with no post received showed 80% root fracture (Fig.2) , this can be originate from regions with excessive stress concentrations and propagate by exploring mechanically weak areas in the restoration (Bitter and Kielbassa, 2007, Garoushi et al, 2009 ).
Teeth using the adaptable EverStick Post, showed that most common failure were fracture portion of core (Fig.3) , which have easy possibility to repair (Mannocci et al, 2008 , Garoushi et al, 2009 , Özcan and Valandr 2009 .
Studies showed that an oxygen inhibition layer is formed on the coronal part of the post, which allows free radical polymerization between the post and core-built-up composite resin. This allows formation of secondary IPN bonding based on interdiffusion of the resin systems of post and composite resin core (Özcan and Valandr 2009 , Garoushi et al, 2009 , Makarewicz et al, 2013 , Zaitter et al, 2011 , Mannocci et al, 2005 , Terry, 2003 . While when using prefabricated Luxa post and composite resin core, the failure mode were 40% core fracture, 40% debonding at core-tooth interface (Fig.4) and 20% root fracture. The latter fractures could have originated from the adhesive interface between the core and root dentin, and propagated toward the post by suggesting weak dentin bonding (Garoushi et al, 2009 , Bitter and Kielbassa, 2007 , Mannocci et al, 2008 , Le Bell et al, 2005 . Prefabricated FRC posts have been critized for their highly cross-liked polymer matrix, which is difficult to bond to resin luting cements and core materials (Bitter and Kielbassa, 2007 , Mannocci et al, 2008 , Vidhya et al, 2009 , Kim et al, 2010 . The debonding of the post from the core may be a clinically more favourable failure mode than fracture of the post (Mannocci et al, 2008, Özcan and Valandr 2009) . Teeth with EverStick Posts showed no root fracture and this is because the individually formed posts provide fiber location closer to the outermost surface of the root where the highest functional stresses are located. While roots with prefabricated Luxa posts revealed 20% root fracture, and this may be due to the location of these posts in the center of root in the neutral axis of tubular structure is not optimal to provide effective reinforcing effect by the fibers of the post for the root-core-crown system. In addition, by using the prefabricated FRC posts, the free space of the coronal root canal opening is filled only with weaker particulate filler composite resin cement (Terry, 2003 , Zaitter et al, 2011 , Makarewicz et al, 2013 .
Conclusion
The individually formed (FRC) post improved the fracture load of the post-crown system and significantly contributed to the reinforcement and strengthening the restored teeth by supporting the tooth structure. Prefabricated FRC post also have limitations in their properties, such as poor anatomical fit to the canal, poor bonding to luting cement and in thin posts low fracture resistance. In case of endodonticallty treated with crownless teeth, the need for posts that have the same modulus of elasticity as root dentin to distribute applied forces evenly along the length of the post root appears to be mandatory. Further studies are required to compare other types of posts and its effect on the fracture resistance of endodontically treated teeth. 
